INTRODUCTION
The water-soluble 3-and 4-carbon alcohols: 1-propanol, 2-propanol (isopropyl alcohol), and 2-methyl-2-propanol (t-butyl alcohol, trimethyl carbinol) have some applications in the studies of solvent effects on electrolytes. Together with rnthanol and ethanol they form a set of solvents in which the hydrogen atoms of water and of the methyl group of methanol are systematically substituted with methyl groups. This, in turn, permits a systematic study of inductive effects in the solvent on ion solvation, with general implications in electrochemistry.
The three alcohols dealt with in the present report are manufactured commercially by hydration of ttie pertinent olefinic hydrocarbons. Hydration of propene produces 1-propanol; dissolution of propene in sulfuric acid and subsequent hydrolysis of the sulfate esters produces 2-propanol; and hydration of 2-methylpropene in dilute sulfuric acid produces 2-methyl-2-propanol. Distillation of ternary heteroazeotropes is used to remove the water from the initially obtained alcohol-water azeotropes (72% alcohol in the case of 1-propanol, 92% alcohol in the case of 2-propanol). The major impurities in the high grade commercial solvents are the lower alcohols -allyl alcohol (2-propen-l-ol) was in the past a troublesome impurity in 1-propanol -oxidation products such as aldehydes and ketones, and, of course, water. The Americal Chemical Society's publication "Reagent Chemicals" (ref. 1) has specifications only of 2-propanol and 2-methyl-2-propanol, but the specifications of several manufacturers, see Tables 1, 2 , and 3, present the levels of purity to be expected for the best commercial solvents. Table 4 .
Whereas the two isomeric propanols have low freezing temperatures, and are similar in this respect to methanol and ethanol, 2-methyl-2-propanol freezes just above room temperature, i.e., just above the standard temperature of 298.15 K for reported thermodynamic data. It was, therefore, proposed as a cryoscopic solvent (ref s. 11, 12), although its practical utilization for this purpose is beset with difficulties, due to its marked hygroscopic nature.
The two propanols and 2-methyl-2-propanol are relatively innoxious solvents: 1- propanol has less irritating effects than most other industrial solvents, whereas 2-propanol and 2-.methyl-2-propanol have only slight irritating and narcotic effects when inhaled. The threshhold limits are 200 ppm or 490 mg m3 for 1-propanol, 400 ppm for 2-propanol, and 100 ppm or 300 mg m3 for 2-methyl-2-propanol, and no ill effects are observable for nonprolonged skin contact (ref. 3) .
STRUCTURE OF THE LIQUIDS
The two propanols and 2-methyl-2-propanol are extensively associated through hydrogen bondirg like the lower two alcohols, methanol and ethanol (ref. 13) . For 2-methyl-2-propanol the structure of the liquid was actually investigated by means of X-ray diffraction (ref. 14) .
Each molecule was found to be hydrogen bonded to two neighboring molecules, on thé average, in a chain-like structure, but a complete sescription of the structure could not be given.
Purification of solvents: 1-propanol, 2-propanol, and 2-methyl-2-propanol 1413 to : see Table 1; hRef. 1. g Below the melting temperature of the pure substance. Purification ofsolvents: 1-propanol, 2-propanol, and 2-methyl-2-propanol 1415 Indirect information on the self-association of the alcohols is obtainable from the consideration of their thermodynamic and other properties. The angular correlation factor , (see Table 4 ), is considerably higher than unity for the second and tertiary alcohols 2-propanol and 2-methyl-2-propanol, as is expected for liquids highly associated in a chain-like manner. Contrary to expectation, however, g 0.88 only for 1-propanol, which can be construed as indicating an antiparallel-type of association. The high values of Trouton's constant, 
KEY SOLVENT PROPERTIES
The three alcohols dealt with here, 1-propanol, 2-propanol, and 2-methyl-2-propanol, are miscible with water in all proportions at room temperature. They are highly polar solvents but with only moderately high solubility parameters S (see Table 4 ), 50 that many non-polar substances dissolve in them. Indeed, even aliphatic hydrocarbons, such as n-hexane, are completely miscible with them.
On the other hand, these alcohols are not particularly good solvents for many electrolytes, especially those with high lattice energies.
The two propanols and 2-methyl-2-propanol are hydrogen bond donors as protic solvents but have also moderately pronounced electron-pair donation capabilities. Therefore they solvate both anions and cations, but with the bulkier ones the solvation numbers are expected to be low. Their solvating power for ions is considerably less than that of water, the standard molar Gibbs free energies of transfer of 1:1 electrolytes from water to these alcohols being in the range of 30 to 50 kJ mol1. Still, iodides on the one hand and lithium salts on the other are fairly soluble. The solubilities of several salts in 1-propanol and 2-propanol are presented in Table 5 Due to the comparatively low relative permittivities of the alcohols under discussion (see Table 4 ), all electrolytes are expected to be extensively ion-paired in these solvents: at concentrations above a few millimolar. Some electrolytes, such as the hydrohalic acids or those among the salts presented in Table 5 that Table 6 . Table 7 .
PURIFICATION OF 1-PROPANOL
In the past 2-propen-l-ol (allyl alcohol) was a major contaminant in commercial 1-propanol, and its removal was by bromination and fractional distillation. The propionaldehyde also formed in the bromination was removed by the formation of the 2,4-dinitrophenylhydrazone (ref. 24) . Another major impurity, 2-butanol, was removed by means of fractional distillation
In currently available 1-propanol of the highest grades these impurities are no longer of importance, see Table 1 . For electrochemical purposes water is practically the only obnoxious impurity. The solvent purified as described below should also meet the standards demanded for conductivity (ref. Step 3.
Store over calcium hydride under nitrogen (ref. 29) . The purity determined gaschromatographically of 1-propanol dried essentially in this manner was 99.94%-(ref. 29) . The nature of the remaining impurities (methanol, ethanol, 2-propanol, water) was not reported, but it may be suspected that of the 600 ppm impurities a major fraction is still water.
Step 4. For further drying, down to 20 ppm water, passage through a column of pre-dried (3 h at 300°C in a current of nitrogen) molecular sieves of type-A in the potassium form was reported to be effective (ref. 30) .
Purification ofso!vents: 1-propanol, 2-propano!, and 2-methy!-2-propano!
PURIFICATION OF 2-PROPANOL
The purification of 2-propanol follows substantially the same procedure as described above for 1-propanol (see also refs. [28] [29] [30] [31] [32] . No special impthities have been reported, and the specifications in Table 2 pertain to a somewhat purer sot(ent of the highest grade commercially available than those in Table 1 
PURIFICATION OF 2-METHYL-2-PROPANOL
The purification of 2-methyl-2-propanol differs from that of the propanol described above in that additionally to fractional distillation purification by recrystallization is also possible. The high degree of purity required for the use, of 2-methyl-2-propanol as a cryoscopie solvent (refs. 11, 12) is very difficult to obtain, due to the hygroscopicity of the substance. Organic impurities are commonly determined by gaschromatography. The generally applicable procedure calls for a stationary phase made of 67% polyethylene glycol 1+00 and 33% his-(2-ethylhexyl) sebacate, applied at 15% on silanized kieselguhr, a working temperature of 60°C, and a flame ionization detector (ref. 38) or tetrakis(N-2-hydroxyethylene diamine), applied at 10% on Celite, and a working temperature of 75°C (ref. 29) . Other stationary phases and conditions have also been described for the gas-chromatographic determination of organic impurities (ref s. 39,40) . Carbonyl-group containing impurities, i.e., aldehydes and ketones, can be determined by direct current polarography (ref. 38) . Certain alcohol impurities can be detected by means of a color change from yellow to orange or red, when 0.3 mL 2M NaOH + 1.2 mL diazotized sulfanilic acid are added to 1 mL of the alcohol to be examined. The method detects > 0.1% 1-prOpaflol in 2-propanol and > 0.08% 1-butanol or > 0.8% 2-methyl-1-propanol in 2-methyl-2-propanol (ref. 41 ).
Water as an impurity in th alcohols is generally determined by Karl-Fischer titration. Sensitivities of 5 ppm for the coulometric implementation of this method were claimed (ref. 42) . Low concentrations of water (even traces) were said to be determinable by the measurement of the UV absorption peak of the Dimroth and Reichardt betain 30 (ref. 6), the wavelength of which depends on the water content of the alcohol according to a calibration formula, given explicitly for 2-methyl-2-propanol, but said, with changed parameters, to apply also to the other solvents (ref. 43 ).
